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57 ABSTRACT

This invention relates to a corrosion-resistant coating
capable of being applied to various substrates, e.g., par-
ticularly metal and plastic surfaces, as a tingle coat
characterized as having high-gloss, good adt.2sion and a
high degree of flexibility. The corrosion inhibiting coat-
ing comprises an alkyd resin containing an effective
amount of a corrosion-inhibiting pigment consisting
essentially of critical amounts of at least one zinc phos-
phate, zinc molybdate and at least one zinc salt of a
benzoic acid. '

15 Claims, No Drawings
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1
CORROSION-RESISTANT ALKYD COATINGS

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the
payment of any royalties thereon or therefor.

CONTINUATION APPLICATIONS

This application is a continuation-in-part of copend-
ing application Ser. No. 07/593,416 filed Sept. 28, 1990,
now U.S. Pat. No. 5,059,640, which in turn is a con-
tinuation-in-part of copending applications Ser. No.
07/442,085 iiled on Nov. 28, 1988, now U.S. Pat. M-,
5,043,373, which in turn is a continustion-in-part of
copending application Ser. No. 07/331,200 fil=d Mar.
28, 1989 now U.S. Pat. No. 4,885,324 which in turn is a
continuation of application 07/211,026 filed June 16,
1988, now abandoned. -

BACKGROUND OF THE INVENTION

This invention relates to coating compositions and
more specifically to corrosion-resisting alkyd coating
compositions which can be applied by various methods
directly onto surfaces and particularly metal surfaces
and polymeric or plastic substrates without the need for
an undercoat.

Metal substrates, and particularly metal exposed to
extreme environmental conditions, require the protec-
tion of coatings capable of resisting corrosive environ-
ments, ¢.8., ships and military aircraft are exposed to
secawater spray and other corrosive reagents including
acid-forming gases, e.g. sulfur dioxide and the like. In
addition to ships and aircraft, particularly military air-
craft, various types of machinery and farm equipment
used in industrial environments where fossil fuels gener-
ate corrosive agents need protection against reagents
such as surfur and other acid-forming gases. In addition
to corrosion, it is important that the coatings be resistant
tc other chemicals and have physical characte 'stics
which enable the coating to be applied to the substrate
without difficulty. These coatings should exhibit good
adhesion and have a high degree of flexibility.

Presently, coatings attempting to comply with the
above-mentioned requirements rely on the use of a plu-
rality of films, i.e. an undercoat with a topcoat, compris-
ing, for example, an epoxy undercoat and a polyure-
thane topcoat. The epoxy primers used in the military
are specifically designed 10 adhere 10 metal surfaces.
These primecoats, however, generally require a top-
coat, since the primers do not have the required flexibil-
ity, particularly at Jow temperatures, and therefore
results in extensive crarking and/or blistering in area:
which are highly flexible. Moreover, the primer coats
are not generally resistant to harsh weather conditions
and are difficult to formulate in the multicolors re-
quired for military aircraft. The alkyd coating composi-
tions of this invention. however, are resistant to harsh
weather conditions and various chemicals including
saltwater and acidic components, and also have the
required degree of flexibility. In addition, it was neces-
sary heretofore to provide a plurality of films thereby
forming a total film thickness ranging up to about 0.005
inches e.g. up r > 10 mils or greater which adds consider-
able weight 10 the aircraft. Thus. the multi-coat finishes
utilized heretofore required a plurality of film thickness
which are very ume consuming n applying because of

S

20

40

60

ERCRCRAT P 3 VLN T tRANGE TN ) T A AR P P SIS SR S
. STNET £ O TG R TSI IR LI S Dy e

2

the drying time between each apphicaton Moreaver, it
1s obvious that the removal of the two coat system can
likewise be difficult and ume consuming and requires
the use of large amounts of orgamic solvents cauung
objectionable emissions.

In accordance with this invention, the corrosion re-
sistant costings comprise an alkyd binder, i.e. a silicone
modified alkyd resin such as Varkyd 385-S0E. More
specificallly, the coating compositions of this invention
comprises approximately 100 parts by weight of an
alkyd resin in combination with about 0 to 1000 parts by
weight of at least one orgaaic paint solvent and from
about 0 to 140 parts by weight of 3 TiO; pigmen, i.c.
titanium dioxide pigment in the form of vesiculated
beads or combinations of TiO; beads and from about
0.01 to 300 parts by weight of a combination of corro-
sion-inhibiting pigments consisting essentially of about
10 to 120 parts by weight of at least one zinc phosphate.
40 10 260 parts by weight cf zinc molybdate, and 1 10 30
parts by weight of at least one zinc salt of a benzoic
acid, e.g. substituted zinc benzoate. For purposes of this
invention, all three of the zinc salts, as disclosed herein,
are essentit * in their relative proportions to provide the
corrosion resistance required for coatings Other pig-
ments, and particularly, spherical TiO; particles and the
vesiculated beads e.g. TiO; beads may be used in combi-
nation with the three zinc salts as disclosed herein.

The coating composition of this invention maybe
applied as a single coat directly onto a hard surface such
as metal, plastic or polymeric surfaces and do not re-
quire an undercoat or a top coat to provide a high gloss,
corrosion resistant film. It is generally known that low
gloss coatings are appropriz-e for camouflage purposes
particularly on most of the outer exposed surfaces of
military aircraft ¢nd the like. On the other hand, low
gloss coatings are not appropriate for the internal or
unexposed surfaces such as the areas around engine
inlets, ducts, landing gears, etc. Moreover, aircraft
other than the military aircraft, require high gloss and
high visibility coatings. It was therefore believed that in
order to obtain a coating exhibiting outstandin, ~orro-
sion resistance, the amount of pigment, i.c. (FVC) pig-
ment volume concentration had to be realtively high
which would therefore result in a low gloss finish. It
was believed that it was not possible to obtain a final
coat which had a high gloss and good corrosion resis-
tance at a high pigment volume concentration.

SUMMARY OF THE INVENTION

This invention relates to a corrosion-resistant coating
capable of being applied 1o various substrates as a single
top coat having high-gloss. good adhesion and a high
degree of flexibility. The corrosion inhibiting coating
composition comprises an alkyd resin and a corrosion
inhibiting pigment system consisting essentially of crin-
cal amounts of zinc phosphate, zinc molybdate and at
least one zinc salt of a benzoic acid.

It is an object of this invention to provide a glossy.
corrosion-resistant coating. which can be applied di-
rectly onto a surface without the need for an undercoar,

It is another object of this invention to provide a
coating which is resistant to corrosion and various other
chemicals, is flexible, resistant to different weather con-
ditions and has good adhe:ion 1o metal subsirates,

It is still a further object of this invenuion 10 provide
a corrosion resistant coa: g capable of relucing the
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time, the manpower and the maicnials normally re-
quired for applying said coating on various substrates.

1t is still a further object of this wavention to provide
a one-coat system useful for both muhitary and civilian
aircraft of substantially reduced thickness which re-
duces the weight added to the aircraft while at the same
time providing the necessary corrosion resistance.

These and other objects of the invention are accom-
plished by providing an alkyd resin containing an
unique combination of pigments which can be applied
on a variety of substrates.

DETAILED DESCRIPTION OF THE
INVENTION

This invention relates to a relatively high-gloss. corr-
sion resistant coating composition which functions a.
the primary ‘coat or topcoat, has good adhesion charac-
teristics, is highly flexible and resistant to chemical and
corrosive environments. More specifically, this inven-
tion is directed 1o a relatively high-gloss, corrosion-
resistant coating which comprises for each 100 parts by
weight of an alkyd resin, e.g., silicone-alkyd resin from
about 0 to 1000 parts by weight of at least one organic
paint solvent and preferably from about 50 to 500 parts
by weight of a solvent including xylene, toluene, min-
eral spirits and combinations thereof, and from about 0
to 140 parts by weight of TiO; pigment e.g., preferably
from about 40 to 100 parts by weight of TiO; pigment.
The TiO; pigment may consist of from about 0 10 100
per cent by weight of the total amount of TiO; of vesic-
ulated beads. In addition to the above, the coating com-
position must contain from about 0.1 10 300 parts by
weight and preferably from about 20 to 100 parts by
weight of a combinaton of corrosion inhibiting pig-
ments consisting essentially of about 10 to 100 parts by
weight of at least one zinc phosphate, 40 10 260 parts by
weight of zinc molybdate, and 1 to 30 parts by weight of
at least one zinc salt of a benzoic acid, e.g. zinc benzoate
and/or a zinc salt of a substituted benzoic acid wherein
the substituents include NO; and/or hydroxy radicals.
More specificaily, the alkyd resin coatings disclosed
herein in addition to containing all three of the zinc
salts, i.e., zinc phosphate, molybdate and benzoate, may
contain also up to 140 parts by weight of a TiO; pigment
wherein 10 to about 100 percent by weight of the total
amount of TiO; in the coating is in the form of TiO;
beads or a combination of said beads with spherical
TiO; pigment.

The alkyd resins may be derived from polybasic acids
comprising a polycarboxylic acid having at least two
carboxy! groups in the molecule. Examples of such acid
compounds include the aliphatic saturated dibasic acids
such as succinic acid. adipic acid, azelaic acid, sebacic
acid, dodecyisuccinic acid ~d anhydrides thereof; the
aliphatic unsaturated dibasic acids such as maleic acid,
fumaric acid, itaconic acid and anhydrides thereof: the
sromatic polybasic acids such as phthalic acid, iso-
phthalic acid, terephthalic acid, trimellitic acid. pyro-
mellitic acid and anhydrides thereof; the alicyclic poly-
basic acids such as tetrahydrophthalic acid. methvicy-
clohexenctricarboxylic acid. hexahydrophthalic acid.
endomethylenephthalic  acid.  hexachloroendome-
thylenetetrahydrophthalic  acid.  tetrachlorophthalic
acid. cyclohexanedicarboxyhc acid. methylhexahy-
drophthalic acid, uexahydrotrimelhinc acid and anhy-
drides thereof. etc. These compounds mav be used
alone or as a mixture of at least two of them. '
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The polyhydric alcohol used to prepare the sikyd
resins include alcohols having at least tvo hvdroxy)
groups in the molecule. Examples of such alcohois ure
cthylene glycol, dicthyiene glycol, triethyvlienr glycol
propylene glycol. dipropylene glycol, butanediol. neo-
pentyl glycol, butylene glycols. pentanediol. 2.3-dime-
thylpropanediol, hexanediols, hydrogenated bisphenol-
A, cyclohexanedimetharol. trimethylene glycol, tetra-
methylene glycol, hexamethylene glycol, trimethylol-
cthane, trimethylolpropane, glycerin, pentaerythntol,
diglycerin, dipentaerythritol, sorbitol, etc. These aico-
hols can be used alone or in combination.

The alkyd resins of this invention may include the
modified fatty acids. The representative fatty acids are
vegetable oil fatty acids. The vegetable oils are drying
to semidrying oils (at least about 100 in iodine valuc)
and nondrying oils (Jess than 100 in iodine value). Ex-
amples of fatty acids are derived from drying to semi-
drying oils such as safflower oil, linseed oil, soybe1n oil,
sesame oil, poppy seed oil, hemp seed oil, corn oil, tall
oil, sunflower oil, cotton sced oil, tung oil, dehydrated
castor oil, etc. and the nondrying oils such as coconut
oil, etc. Of these oils preferable are the drying or semi-
drying veget. ble oil fatty acids. These fatty acids can be
used alone or in combination. Spcifically, a “aixture of
neopentyl glycol, trimethylolpropane, phthalic anhy-
dride, soybean oil fatty acid in xylene can be reacted 10
obtain a known alkyd resin.

Examples of organic solvents include hydrocarbons
such as toluene, xylene, naphtha, mineral spirit, octane
and cyclohexane, alcohols such as methanol, ethanol,
butanol. cyclohexanol and heptanol, ethers such as di-
oxane, methyl cellosolve, butyl cellosolve, methyi car-
bitol and butyl carbitol. esiers such as ethyl acetate,
butyl acetate, methyl cellosolve acetate, cellosolve ace-
tate and carbitol ac=tate, ketones such as methyl ethy)
ketone, methyl isobutyl ketone, cyclohexanone and
isophorone, etc. .

These alkyd resins including copolymers such as the
alkyd silicone resins may be used alone or with sma!l
amounts of other resins such as the phenolic resins.
melamine resins, epoxypolybutadiene resins, e~ o
improve the adhesion, elasticity, etc. In general, the
alkyd resins are in solution at concentrations of up to
60% by weight, and therefore it may not be necessary
to add additional solvent. Usually, the content of the
non-volatile components in the coating composition nf
this invention ranges from about 10 to 90%¢ ecg..
25-50% by weight of the total composition. The
amount of solvent may vary depending on the viscosity
and method of application of the coating onto the sub-
strate.

The pigment system of this invention is unique in that
it consists essentially of at least one zinc phosphate, e g.
zinc-barium phosphate, a zinc salt of benzoic acid or a
substituted benzoic acid and zinc molybdate. These
three zinc salt pigmen*s alone or in combination with
other known pigments. e g TiDa, provide a coating
having outstanding ccrrosion inhibiting charactenstics
which enables a single :ilm of the ccating to be vied as
a primer or as the top< ..at.

Of the various zinc salts of benzoic acids, th jue-
ferred zinc benzoates include the benzoic acid salts
having at least one sub-:ituent, i.e. the hydroxoi and/or
the nitro (NG;) subst:-aant. The preferred zine mhos-
phates. e.g. zinc-baniu:n phosphate, are comme: sully
available as Phos-Plus (JO866) from the Minere. Pup-
ment Corporation. Tr. sinc molybdates are weli s o s
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zinc compounds commercially available as Moly-
White. In addition to the zinc salts pigment system as
disclosed herein, other known pigments, particularly
titanium dioxide, zinc oxide and the like may be used in
the coating 1o provide reinforcing characteristics and 1o
add color. opacity and hiding power to the coating. In
addition, other additives known in the coating art such
as color or tinting agents may be added to the binder in
small but effective amounts and include such com-
pounds as antimony oxides, barium sulfate, calcium
carbonates and one or more of the organic pigments
such as the phthalocyanine colors, e.g. greens or blues,
etc.

The combination of zinc molybdate, the zinc salts or
benzoic acid and the zinc phosphates synergistically
improved the corrosion resistance of the coating ’en at
low concentrations. It was found that the specific com-
bination of the zinc molybdate, zinc salts of benzoic acid
and zinc phosphates in the relative ratio's stated herein
improved the corrosion-resistance substantially when
compared to the use of either one of these zinc salts
alone. Thus, by decreasing the pigment volume concen-
tration (PVC) of the pigment system in the alkyd
binder, a higher gloss coating can be obtained without
impairing the corrosion resistance.

The coatings are prepared by mixing all of the ingre-
dients into the alkyd binder and applying the film-form-
ing composition to the substrate in thicknesses ranging
from about 0.G01 to 0.005 inches or up to about 20 mils
but preferably from about 1 to 10 mils thickness. A
dispersion or solution of the coating may be accom-
plished by conventional mixing methods including the
use of agitation with a mixer, ball mills, etc. The appli-
cation of the coating onto the substrate e.g. metal sur-
face, may be made by known coating procedures such
as spraying, dipping, brushing, roller coating, etc. The
viscosity of the coatings for the particular application
may be adjusted by the addition of one or more known
organic solvents within the numerical ranges disclosed
herein. After the coaiing is applied to the surface, the
solvent is allowed to evaporate at room or elevated

temperatures and the film cures to a coating having the

desired characteristics.

The particular zinc phosphate used in preparing the
coating composition has an average particle size of
about 5.0 microns and is characterized as a zinc-barium
phosphate. The zinc salt of benzoic acid was specifically
characterized as having at least one hydroxyl group and
nitro (NO3) substituent with a molecular weight of
about 100-300, a density of about 2-3 grams per mililiter
and a particle specific surface area of 16m2/gram. The
benzoic acid salts are commercial products obtained
from BASF identified as Sicorin-RZ. The zinc molyb-
date has a particle size average of about 4.0 microns and
is commercially avai’~ble as Moly-White 101. The tita-
nium dioxide is preferably spherical with a particle size
of about 0.25 microns. The term zinc phosphate in-
cludes the mixed zinc salts and particularly the zinc-
barium phosphates, zinc-aluminum phosphates and vari-
ous combinations of zinc phosphate with mixed zinc
phosphate salts in any proportion.

The coating composition may contain other additives
such as an ultraviolet light stabilizer, an antioxidant. etc.
The ultraviolet light stabilizer can be present in amounts
of 1-105 by weight. based on the weight of the binder:
the antioxic .1 can be present in amounts of 0.1-3%% by
weight, based on the weight of the binder. Typical
uvltraviolet hght stabilizers are benzophenones. tria-
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triazoles, triazines, substituted benzenes, organophos-
phorous suifides, and substituted nitriles. The coating
composition of this invention may also contain other
known materials, such as driers, antioxidants, fungi-
cides, etc. in amounts for their intended function. Thus,
organic salts (¢.g., an octoate or naphthenate) of metals
(¢.g., cobalt, calcium or manganese) are available from
Nuodex Corporation under the name *Nuxtra”. The
coating composition may also contain fillers which may
or may not have pigmentary properties. These fillers are
exemplified as talc, silica, barium sulfate, calcium sul-
fate, calcium carbonate, calcium silicate, iron oxides,
mica, aluminum silicate and mixtures thereof.

The coating comgosition of this invention can be
applied to a variety of substrates by conventional meth-
ods. Substrates that can be coated with the composition
are, for example, metal, wood, glass, or plastics such as
polypropyi- -z, polystyrene, -opolymers and the li.».
The coatin= is suited also ° :r application over p- -
treated or u. primed metal.

The hydrocarbon solvents useful for purposes of this
invention includes a mixture of solvents, ¢.g. mixtures of
one or more paint solvents such as benzene, toluene,
xylene and aromatic naphtha. Other solvents include
the ester solvents such as ethy! acetst, buty] acetate,
cellosolve, hexyl acetate, amyl acetate, ethyl proprion-
ate, and butyl proprionate. Ketone solvents include
acetone, methyl ethyl ketone, methyl isopropy| ketone,
methy] isobutyl ketone, diethy] ketone, and cyclohexa-
none. Glycol ester solvents include ethylene glycol
monoethyl ether acetate, diethylene glycol monoethyi
cther acetate, etc.

The coating has outstanding performance when ex-

~ posed to high intensity of light, extreme cold condi-
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tions, hot lubricating oils and other chemicals normally
found in aircraft operations. By utilizing the coating
composition of this invention. a high gloss, corrosion
resistant film can be obtained on various substrates. The
coating has properties which function as a primer and
more important as a top coat highly adherent, flexible,
and resistant 10 all weather conditions. The coatings of
this invention lowers the risk of failure due 1o cracking
especially at low temperatures and are easiiy touched-
up since only one coating need by applied. Since one
coat is sufficient, it needs less time for application and
removal and saves on manpower that would generally
be needed in the preparation of a high gloss two coat
system. Morcover, the present coating provides protec-
tion at lower film thicknesses thereby reducing the
weight of the coating compared to a two coat paint
system which is important for aircraft coatings.

The following illustrate the coating compositions of
this invention.

EXAMPLE 1
ALKYD RESIN
Components Parts by Weight
Silicone-aikyd resin (350% sohds) 60.2
(383-50E)
T¥O, (30 VSBD) 293
Zinc-Banum Phosphate 3o
(Phos-Plus JO866)
Zinc Sakt of nitro-substituted 03
Benzox Acid (Siconn-R2)
Zinc Molvbdate (Molywhite) 6.0
Organic Paint Solvents 1.0
1000
The sbos e composition has the following characterisncs
FVC = 0.229
Wet Density (g/mh) = 138

e e e e, . e
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7.
EXAMPLE I-continued
ALKYD RESIN

VOC (g/1) =
Vol. % Solids =

420.
0.556

The degree of anti-corrosion performance of the
- coating can be measured by ASTM test D610-68 enti-
tled “Evaluating Degree of Rusting on Painted Steel
Surfaces™, ASTM D1654-79a entitied *“Evaluation of
Painted or Coated Specimens Subjected to Corrosive
Environments™, and ASTM D714-56 entitled *Evaluat-
ing Degree of Blistering of Paints™. The coating can be
tested further in ASTM B117-73, entitled “Method of
Salt Spray (Fog) Testing™ wherein the composition is
applied onto steel panels which are scribed and sub-
Jected to salt-fog spray. Scribing is achieved by scratch-
ing an “X" in the coating through to bare steel using a
cutting tool. The amount of rusting at the scribe is as-
sessed on a scale of 0-10 where 10 is no corrosion and 0
is complete failure. Ratings of 5 and above are accept-
able for anti-corrosive compositions tested in accor-
dance with ASTM D-1654-79.

Scribe creepage or underfilm corrosion is determined
in accordance with ASTM D1654-79a on a scale of
0-10 where 10 is no corrosion and 0 is } inch or more
creepage from the scribe. Blistering in a coating is de-
termined in accordsnce with ASTM D714-56. This
method describes blister size as numbers 2, 4, 6, 8, and
10, where 2 is a large blister § inch or larger in diameter,
8 is a small blister less than 1/16 inch in diameter and 10
is the absence of blistering. Blister density is described
as D means dense, MD means medium dense, M means

- medium, and F means few.

It is obvious that there are other variations and modi-
fications which can be made with respect to this inven-
tion without departing from the spirit and scope of the
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invention as particularly set forth in the appenda: -

claims.

The invention claimed:

1. A coating composition comprising about 100 parts
by weight of an alkyd resin from about 0 to 1000 parts
by weight of at least one organic solvent, from sbout
0-140 parts by weight of a TiO; pigment, and from
about 0.01 to 300 parts by weight of a combination of
corrosion-inhibiting pigments consisting essentially of
about: ’

(a) 10-120 parts by weight of a zinc phosphate,

(b) 40-260 parts by weight of zinc molybdate, and

{c) 1-30 paris by weight of at least one zinc salt of a

benzoic acid.

2. The coating composition of claim 1 further charac-
terized in that the zinc salt is a substituted zinc benzoate.
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3. The coating composition of claim 1 further charac-
terized in that the zinc phosphate is a zinc-barium phos-
phate. '

4. The coating composition of claim 1 further charac-
terized in that from 0 to 100% by weight of the total
amount of the TiO; pigment in the coating is in the form
of vesiculated beads.

5. The coating composition of claim 1 further charac-
terized in that from 10 to about 50% by weight of the
total amount of the TiO; pigment in the coating is in the
form of vesiculated beads.

6. The coating composition of claim 4 further charac-
terized in that the TiO2 pigment is present in the coating
in an amount ranging from about 40-100 parts by
weight.

7. The coating composition of claim 1 further charac-
‘terized in that the combination of ccrrosion-inhibiting
pigments is present in an amount rang g from about 20
to 100 parts by weight.

8. The coating composition of claim i further charac-
terized in that the alkyd resin is a silicone-alkyd resin
and the combination of corrosion-inhibiting pigments
consist essentially of about:

(a) 30-100 parts by weight of a zinc-barium phos-

phate,

(b) 60-210 parts by weight of a zinc molybdate, and

(c) 3-25 parts by weight of a zinc sait of a benzoic

acid.

9. The coating composition of claim 8 further charac-
terized in that the zinc salt of the benzoic acid is a substi-
tuted benzoic acid.

10. The coating composition of claim 9 further char-
acterized in that the substituted benzoic acid is a hy-
droxy and NO;- substituted ben.oic acid.

11. The coating composition of claim 9 further char-
acterized in that the substituted benzoic acid is a NO,-
substituted benzoic acid.

12. A method of preparing a corrosion-inhibiting
coating which comprises adding to an alkyd resin from
about 0.01 to 300 parts by weight for every 100 parts by
weight of resin of a combination of pigment consisting
essentially of from about 10 to 120 parts by weight -1
zinc phosphate, 40 to 260 parts by weight of zinc molyb-
date and 1 to 30 parts by weight of at least one zinc sah
of benzoic acid.

13. The method of claim 12 further characterized in
that from about 50 1o 500 parts by weight of at least one
organic solvent is present for each 100 parts by weight
of said alkyd resin.

14. The method of claim 13 further characterized in
that the coating contains from about O to 140 parts by
weight of TiO; pigment.

15. The method of claim 14 further characterized in
-hat the zinc phosphate is a zinc barium phosphate and
1010 50 percent by weight of the total amount of TiO»

pigment is in the form of vesiculated beads.
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